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ON SOME POINTS IN THE ANATOMY OF A 

COLLECTION OF AXOLOTLS FROM 

COLORADO, AND A SPECIMEN 

FROM NORTH DAKOTA. 

HENRY LESLIE OSBORN. 

I. The Collection from Colorado. 

In a previous article in this journal by the writer ('00) 
reference was made to a collection of axolotls which were 
kindly loaned by Dr. Lee for comparison with the specimen 
from Amenia, North Dakota, therein described. By an unfor- 
tunate mistake these specimens were located from Montana, but 
in fact they are from Colorado. The material was collected by 
Dr. Thomas G. Lee, of the University of Minnesota, during a 
brief stay in the mining town of Crede, in southern Colorado, 
during the latter part of August and the beginning of Septem- 
ber, 1896. Having heard mention among the people there of 
"dogfish" and "fish with legs on 'em," he succeeded in locat- 
ing the wonders in a lake twenty-five miles distant and paid 
the place a visit. He found the lake occupying a narrow valley 
hemmed in between two mountain ridges and dammed back by 
a natural formation, apparently of glacial origin, giving it much 
the appearance of an artificial lake. The elevation of the place 
is about eight thousand feet above the level of the sea. The 
water is very cold. The lake appeared to be very deep. At a 
distance of about a hundred feet from the shore a line one 
hundred feet in length would not reach the bottom. There 
were water plants growing abundantly in the lake, and among 
them there were areas that were free and open, in which the 
axolotls were seen coming up from time to time apparently to 
breathe. They were then captured with a dip-net. The larger 
sized ones were found farther out, while smaller ones were 
reached from the shore. Dr. Lee informs me further that he 
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found the ordinary larvae of Ambly- 
stoma tigrinum ranging in length 
from one to four inches in the irri- 
gation ditches that were common in 
the San Luis valley in the vicinity 
of Garrison. 

The material was preserved in 5jfe 
formalin. It contains in all twenty- 
six specimens, with the following 
lengths in millimeters, viz. : 89, 92, 
98, 100, 103, 105, 105, 105, 106, 
109, no, 112, 113, 113, 115, 118, 
118, 120, 121, 160, 190, 215, 220, 
250, 250, 262. 

Most of the specimens only cor- 
roborate the descriptions of previous 
writers as to the external character- 
istics of these interesting forms, and 
are mentioned here chiefly for the 
sake of making a record of the facts 
and the locality. One of them is in 
an advanced stage of metamorphosis, 
and has nearly reached the terrestrial 
form of Amblystoma tigrinum. This 
specimen is of especial interest, be- 
cause it is in the act of undergoing 
its development in the midst of its 
natural surroundings. Marsh and 
Tegetmeier, as well as others, have 
described the metamorphosis of sire- 
dons under artificial conditions, but 
I do not know of an account of a 
siredon transforming in its natural 
environment. A number of 
measurements of these specimens 
were made, and are given in a 
table of measurements at the end 
of this article. 
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The external characteristics are indicated in Fig. 1, which 
is drawn from specimen No. 2 of the following lists. In the 
account which now follows, the siredon described as the type 
of the collection is No. 2. It will be compared with the other 
siredons, with No. 10, a metamorphosing specimen, and with 
adult specimens of Amblystoma tigrinum from the collection in 
the museum of Hamline University, from St. Paul, Minn. 

The coloration (of the formalin material) is uniform and 
not mottled or spotted. The head and trunk are dark above 
and light beneath, the division line running from the jaw along 
the side of the head and on the body on the level of the 
ventral borders of the limbs. The post-abdomen, or " tail," is 
dark throughout, as are also the dorsal and ventral folds of 
skin, " fins." One of the larger specimens (No. 8) differs 
from the rest in being distinctly spotted. The spots are very 
numerous and small, about 1 mm. across, and are found in all 
parts of the dark area of the animal. Both of the Dakota 
specimens are spotted, as can be seen by a reference to Fig. 7 
of this article and Fig. 1 of the preceding. In both of these, 
however, the spots are. fewer and larger and more distinct. 
Baird's 5. gracilis ('59 Vol. X, PI. XLIV) is also spotted, and 
the Colorado specimen is more like to it, according to the illus- 
tration, than to the Dakota forms. In the smaller specimens 
of the Colorado collection the dorsal darker area is not uniform 
in tone, but is mottled with dark irregular patches scattered 
irregularly upon it. These patches are not distinctly bounded, 
but shade into the general color tone at the edges, and are 
very irregular in shape. They also extend out upon the dorsal 
and ventral fins. 

The head in the Colorado specimens differs markedly from 
that of terrestrial amblystomas in several particulars. In 
order to afford the opportunity to test some of these points, 
I give a number of measurements made on specimens of 
Amblystoma found at Hamline, Minnesota. I may say that 
these are fully metamorphosed and strictly terrestrial. 

By dividing the length of the head, from the snout to the 
fold crossing between the bases of the hinder gills, by the 
length from the chin to the posterior boundary of the cloacal 
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opening, we obtain the ratio of head length to head and body 
length, and can then make direct comparisons, irrespective of 
difference of length. By measuring to the cloaca we avoid 
the influence of the variation of the post-abdomen. These 
measurements and the ratio are shown in this table. 



Ratio of Head Length to Length of Head and Body. 
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These figures show great variation in the head length in 
general among these forms, so that inferences from single 
cases will need to be carefully guarded. Thus in the first 
group we find ratios of 33^5 to 37^6, and. in the St. Paul forms 
we find a range of from 24^0 to 32^. The size variation thus 
shown to exist would be an interesting topic for study, and has 
not as yet been studied. Referring now to the ratios, we see 
clearly that on the whole the Colorado forms have a larger 
head than the St. Paul forms. In the latter the ratio is 27.5^, 
while in the former it is 31^0 for the larger sizes and 36^0 for 
the smaller ones. These figures are in reality an underesti- 
mate, for they are reduced by the fact that in the comparison 
no allowance has been made for the tendency of smaller speci- 
mens to have larger heads. This tendency is very well shown 
by comparing specimens of different sizes in the foregoing 
statement. Thus in the St. Paul specimens it is very clearly 
seen, and in the Colorado forms the smaller ones have a ratio 
of T,6fo, while the larger ones have a ratio of only 31^. If the 
series of specimens were large enough to enable us to eliminate 
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individual variation, a more accurate statement of the amount 
of difference could be made. But if we compare a Colorado 
specimen with a St. Paul specimen of the same size, we find 
in No. 1 of the Colorado forms a ratio of 32J/0, while Ambly- 
stoma, No. 8, of the same size has a ratio of 28^0, and the 
larger St. Paul specimens have a still smaller ratio than even 
larger specimens of the Colorado series. Thus No. 7 from 
St. Paul has a ratio of 24^0, while the largest of the Colorado 
series, a much larger animal, has a ratio of 32'/,. One should 
not, however, place much reliance on the comparison of indi- 
viduals, but I believe that on large series of individuals of the 
same size it would be found that the head ratio in the siredons 
is much larger. 

Not only is the head as a whole larger in the aquatic forms 
than in the terrestrial ones, but the proportion of its parts is 
also different. A reduction of the head in the throat region 
would be expected in connection with the degeneration of the 
branchial apparatus, and does occur. This is seen by reference 
to the following statement showing the lengths of these regions 
of the head in a number of different Colorado and other sire- 
dons and in six St. Paul amblystomas, viz. : 
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These figures show that the average ratio of the length of 
the hinder part of the head to the front part is 72^0 in the 
siredons and only 60 in the terrestrial amblystomas. 

The form of the outline of the head anteriorly is another 
point in which the aquatic and terrestrial forms differ con- 
siderably. The difference is shown in Fig. 2. In the former 
the outline of the head in front is very blunt and broadly 
convex ; in the latter the outline bends suddenly after the 
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Fig. 2. — Dorsal view of head of Colorado siredons, No. 2 and No. 10. 



nostril is reached, producing a sharply convex curve. This 
is due to the presence in the aquatic form of a cheek fold of 
the skin bordering the jaws, not found in the terrestrial state. 
In the terrestrial forms the skin is drawn and tight-fitting over 
the whole of the head. This is obviously correlated with the 
need of providing against the desiccating influences of the 
atmosphere. In the aquatic forms, on the other hand, the skin 
is very loose and ample. This is noticeable generally in the 
head, not only in the general skin, but in the presence of gills, 
opercula, and such special modifications of the outer surface. 
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The folds at the side of the mouth reduce the diameter of its 
opening. This difference in the size of the mouth is another 
marked difference between the axolotls and the terrestrial 
forms. It is indicated in Fig. 3, where the angle of the jaws 
is seen in 3 a to be anterior to the eyes, while in 3 c it is 
considerably posterior. This 
smaller size of mouth is per- 
haps correlated with the proc- 
esses involved in taking water 
into the mouth chamber for the 
purpose of forcing it back and 
out of the sides of the throat 
during aquatic respiration. 

The gills (in No. 2) do not 
differ essentially from the ac- 
counts and figures of Baird and 
others. They are shorter than 
the head. They are flattened 
outgrowths of the sides of the 
throat. Proximally they are 
continued in the floor of the 
throat to the hyoid bone in 
the center. On the underside 
are the opercula, thin flaps of 
skin, which merge distally into 
the under margin of the gill. 
The gill plates are borne on 
the posterior side of the free 
portion of the gill, which by 
means of a muscle running 
its length can be drawn back 
against the side of the body, thus protecting the plates. The 
latter are thin and placed in rows crossing the long axis of the 
gill. They are so arranged that two longer plates next the edge 
of the gill are followed by two smaller plates, set nearer to each 
other in the middle, as shown in Fig. 4 a. Many of the speci- 
mens in the collection show the gills in a state of degeneration, 
the gills being much shorter and the plates reduced in number. 





Fig. 3. — Side views of head, a, siredon No. 2 
from Colorado ; /', siredon No. 10 from Colo- 
rado ; c, salamander from St. Paul. 
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The trunk is essentially the same in the siredon and terres- 
trial states, excepting as to three points, vis., coloration, the 
dorsal fin, and the "webbing" of the toes. All of these changes 
have been commented on by previous writers, and may be 
passed without further notice. 

The post-abdomen is acutely tapering from its origin to 
the tip. Its outline as a whole is very acute, unlike either of 
the Dakota specimens. It bears a very thin and membra- 
neous "fin," which becomes noticeably wider posteriorly. 




Fig. 4. — End view of gill, showing the gill plates, a, in Colorado forms ; /', in Amenia specimen. 

This broadening of the fin is greater than anything indicated 
in the figures of axolotls generally, and is quite different 
from the outlines in the two Dakota specimens. 

The internal anatomy of the siredons, excepting of the mouth, 
is strictly the same as that of the mature terrestrial forms. A 
thorough dissection of one and a careful examination of several 
others of the collection demonstrated an anatomical condition 
of the viscera very similar to that indicated by Wiedersheim ("79) 
in his Fig. 1. The reproductive system in both the males 
and the females is fully matured, and in the females there are 
accumulations of eggs ready for discharge, and the albumen 
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glands are swollen and active. The heart and pulmonary 
organs have reached their final form, the former having two 
auricles and a connection with the lungs, and the latter con- 
sisting of the two elongate lungs communicating with the 
throat by means of a glottis. The siredon is thus morpho- 
logically a pulmonate or "air-breathing" animal, and so it is 
physiologically, for, notwithstanding its aquatic environment 
and branchial equipment, it uses its lungs for breathing. 

A single one of the members of the Colorado series, the one 
numbered 10 in the list, is especially interesting, because it was 
taken in the act of transformation, the process nearly completed. 
The head of this specimen is shown in Figs. 2 /;, 3 b, and 5. 
The general appearance of the animal is very similar to the one 
illustrated by Tegetmeier ('70). The head is intermediate in 
form between the aquatic and the terrestrial states. Its total 
length is 27^/0 of that of the head and trunk. This is the ratio 
found in land salamanders, while 31-36 is that found in aquatic 
forms. The posterior part of the head, however, is here found 
not to be relatively shortened, as might at first be expected. It 
is 72^0 of that of the whole head, as in siredons, as against 6o'/o, 
the ratio for land forms. As to outline in front, the head is as 
in the land forms, being strongly curved (see Fig. 2 b). The 
skin of the head is tightly drawn and not loose and abundant. 
This tension of the skin produces the bulging of the eyes noted 
by Marsh ('68) and Weismann ('75) among the changes of the 
transformation. Dorsally the head is arched, as in the land 
forms, and not any longer so flat as in the aquatic stage. The 
mouth opening is not yet as wide as it is in the definitive form. 
The fold at the angle of the jaws has lessened but not entirely 
disappeared, and the angle of the mouth is on the level of the 
eyes and not behind them (compare Figs. 3 b and 3 c). Ven- 
trally the gular fold has become confluent with the floor of the 
mouth and throat in the center, and some distance from the 
middle line on each side the vestiges of the gill apparatus 
remain. The three clefts are still present on each side, but 
they have been pushed back and out from the throat, and are 
crowded into the small space left behind the gular fold (see 
Fig. 5). Structurally the apparatus is almost completely 
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aborted. Besides loss of length, the opercula are gone and 
the external parts of the gill are reduced to mere warty lumps. 
On the floor of the mouth the tongue had not yet developed. 
The trunk region is also intermediate and presents both sire- 
don and salamander features. The coloration is still of the 
aquatic kind, showing no hint of the future dense black general 
tone spotted with irregular blotches of brilliant lemon yellow 
so characteristic of the land forms of the species. On the other 
hand, the dorsal fin is wholly absorbed, 
and the toes are no longer " webbed " ; 
instead, the skin fits closely and the toe 
is cylindrical and tapering. With this 
change of the toes and the fins the 
power of locomotion by swimming in 
water must be very considerably dimin- 
ished. The post-abdomen has also 
reached the final form, the tail fin being 
nearly completely absorbed. 

Tegetmeier reports in 1870 his obser- 
vations upon a transforming axolotl. His 
account is very brief. He says: "The 
specimens were hatched in the summer of 1S68, and kept 
under similar conditions without any change having taken place 
beyond steady increase of growth during the succeeding winter 
and the summer of 1869. In the autumn one began to change ; 
the external gills disappeared, the jaws became more pointed, 
and the skin assumed a singularly mottled appearance. The 
animal did not leave the water, but when the temperature was 
warm usually breathed by standing erect against the side of the 
aquarium and elevating the nostrils above the surface ; during 
the cold weather it usually remained submerged, rising at inter- 
vals to breathe." This case of Tegetmeier's seems to be like 
the Colorado specimen in that the metamorphosis took place 
while the animal still maintained its habits of aquatic life. 
Apparently the same may be said of the transformations reported 
on by Marsh ('68), Dumeril ('70), and Chauvin ('75). 

We do not know the cause of the transformation of the 
siredon. In the St. Paul form of Amblystoma the animal first 



Fig. 5. — Ventral view of the head 
and throat of siredon No. 10, 
showing the transition to the 
terrestrial form. 
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becomes terrestrial and afterward matures. We have come to 
regard the land forms as mature, when as a matter of fact the 
aquatic form may be just as truly mature, since its organization, 
excepting in a few minor points, is identical with that of the 
land forms. There are two kinds of transformation distinguish- 
able in the metamorphosis of an Amblystoma. One of these is 
in the development of the limbs, the alteration of the circula- 
tory system, the development of the lungs, and the matur- 
ing of the organs of reproduction ; these may be considered as 
the primary adult characteristics. In addition to these are a 
number of secondary changes, which do not involve radical mor- 
phological processes, but are largely confined to points in the 
external anatomy. These latter are secondary adult character- 
istics. The whole axolotl question turns on these secondary 
characteristics ; for, as to the primary changes, they take place 
alike in axolotls, siredons, and salamanders, and one is as truly 
adult as the other. But for some reason an interval has arisen 
in axolotls and siredons between the primary and the secondary 
changes, so that instead of all of them progressing pari passu, 
the secondary changes are postponed, and take place either 
much later or not at all. In the neighborhood of St. Paul, 
amblystomas are fully adult when only 100 mm. in length, 
perhaps even less. In the Mexican axolotl, when the animal 
reaches this length, the secondary transformations do not take 
place, though the primary ones do, and the animal thus remains 
aquatic, though adult in all other respects. In the siredons we 
find that the condition is intermediate ; instead of secondary 
transformation being indefinitely postponed and not taking 
place at all, it takes place much later. In specimen No. 10 it 
is taking place after the animal has reached a length of 235 mm. 
instead of having occurred at only 100 mm. In No. 2, of the 
same size and apparently from the same environment, it has 
not taken place, and no signs of its approach are visible. 
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II. The Specimen from Kenmare, 
North Dakota. 

The axolotl referred to in the 
former article (American Naturalist, 
July, 1900, p. 544) as having been 
found in Kenmare, North Dakota, 
has been kindly loaned to me for 
examination by its owner, Mr. W. 
H. Makee of Kenmare. It was 
somewhat injured by cutting in the 
throat, possibly when it was cap- 
tured, and has been somewhat dis- 
torted by preservation in too. small 
a bottle ; still it is adequate for 
study and comparison with the 
Amenia specimen. As it had been 
preserved in alcohol, while the 
Amenia specimen was preserved in 
formalin, and as the Kenmare speci- 
men was somewhat distorted in 
fitting it into its bottle, the meas- 
urements of the latter will not stand 
a rigid comparison with those of the 
other siredons. 

Mr. Makee writes me as to the 
locality of the specimen, that it was 
caught among a number of fish in 
a seine during June, 1898, in Des 
Lacs Lake. The lake is thirty miles 
long and half a mile wide, and has 
an estimated depth of twenty-five 
feet. It is located in Ward County, 
North Dakota, and discharges 
through a chain of lakes into the 
Mouse River, a tributary of the 
Red River of the North, and finally 
of Hudson Bay. Kenmare is at 
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the opposite end of the state from Amenia, and is the most 
northern locality from which siredons have been reported. The 
coloration resembles the Amenia specimens and is unlike that 
of the forms from Colorado. It is dark above, excepting in a 
narrow tract on each side of the dorsal skin fold. There are 
numerous dark rounded distinct spots, the largest of which 
have a diameter of 4 mm. The spots are scattered over the 
body and post-abdomen and on the upper surface of the head. 
They are more numerous and larger than in the Amenia form. 
The undersides of the trunk and head are several shades lighter 
in color than is the case in the Amenia specimen. The skin is 
smooth, as in the Colorado specimens. The "coarse and warty 
roughness " of the Amenia form is not found in the Kenmare 
specimen. 

The appearance of the Kenmare specimen is shown 
in Fig. 6. With the exception of its gills, it is more 
like the Amenia form than it is like the Colorado speci- 
mens. Its dimensions are shown in the table at the end 
of this article. 

The head in the Kenmare specimen is shorter relatively to 
the length of the head and trunk than it is in the Colorado 
forms. This can be seen best by means of a table, thus: 

Ratio of Head to Head and Trunk in 

(a) the Kenmare specimen 29% 

{b) the Amenia specimen 31% 

(V) the Colorado specimens 34% 

(d) the St. Paul specimens 27% 

The injury of the head made it difficult to be sure of the 
length of head within if, or 2'fo in the Kenmare specimen, but 
even so, the head is much shorter in both of the Dakota 
forms than in the Colorado specimens, and more nearly the 
length that is characteristic of the terrestrial forms. Too much 
stress should not, however, be laid on this fact, as the measure- 
ment is based on a single specimen in each case, and some of 
the single ones of the Colorado series have the head as short as 
29^6, as in this specimen. 
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The length of the head behind the eyes is also interesting 
here. Tabulating this measurement in the four cases, we find 
that the posterior length is 

(a) in the Kenmare specimen . 73% 

(6) in the Amenia specimen 78% 

(V) in the Colorado series 72% 

(d) in the St. Paul series 61% 

of the total length of the head. In this respect the Amenia 
specimen is very extreme, and the Kenmare specimen agrees 
with the rule for siredons, as determined by the Colorado 
series. 

The head is also blunt anteriorly, as in general. The gular 
fold in the Colorado forms, as in siredons generally (see Baird, 
'52, Fig. 3), is emarginate, and this is the case in the Kenmare 
specimen, unlike the Amenia one. 

The gills are three on each side. They are vertical out- 
growths of the side of the throat, flattened so as to present a 
dorsal and a ventral margin ; the latter, at the base of the gill, is 
continued inward under the branchial bone to form a thin flap, 
the operculum, which covers the gill slit in the floor of the throat 
(see Fig. 6). The gill presents two surfaces — one anterior, 
the other posterior. The former is naked, the latter bears the 
thin triangular plates in which the capillaries are placed which 
expose the blood to the aerating action of the water. The gills 
can be bent by the contraction of a muscle located within 
them, so that the posterior side is parallel to the body, and the 
gill plates are thus covered and protected. 

There are four rows of gill plates. Two of the plates are 
larger and more external. They are on the same level, and are 
followed by two smaller and more internal plates. Each one 
of the plates is a tall triangular and flattened structure. At 
its base a blood vessel can be seen entering on one side. 
Capillaries filled with blood corpuscles can be seen in the 
interior, and running through the gill in the center and near 
the bases of the plate is a large vessel. The blood vessels are 
deeply pigmented, and the surface of the plates is minutely 
spotted with black branching chromatophores. 
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The gills differ from both the Colorado and the Amenia speci- 
mens. The lengths of the filament-bearing areas of three gills 
in succession, beginning with the anterior one, are respectively 
y6f>, go'fo, and 125^ of the length of the head in the Kenmare 
specimen. The corresponding figures for the Amenia specimen 
are y6fo, go p /b, and 117^0. For the Colorado forms they are, in 
case No. 21, 33/0, 50^0, and 72^. In both the Dakota speci- 
mens the gills are thus noticeably much longer than is the rule 
among siredons, as hitherto reported, and among the Colorado 
specimens which are in the main in accord with the cases 
reported by Baird, Marsh, and others. The gill in the Kenmare 
specimen does not broaden distally, but is tapering from base 
to tip. This is in contrast with the Amenia specimen, where 
the gills are spatulate in form, which point may, however, prove 
to be an abnormality. The form of the gill plates in the Ken- 
mare specimen is different from either those from Colorado or 
the Amenia specimen. They are not long and filamentous as 
in the latter, and they are not short and blunt as in the former; 
but they are wide and plate-like, tapering to the tip, the outer 
row being longer than the inner ; they are arranged as in the 
Colorado forms. 

The body offers nothing for special comment. The colora- 
tion has already been mentioned, and the feet show the same 
broad foot margin of skin on the sides of the toes as is found 
in other siredons. The post-abdomen and the fin are much as 
in the Amenia form and decidedly unlike the siredons generally 
and the Colorado series. The body part is heavy and broad 
from base to tip ; it is broadly convex at the tip, in marked 
contrast with the acute taper found in all the Colorado series. 
The fin is thick and strong, contrasting with the thin mem- 
branous texture of the Colorado forms, and it is not so wide 
as in them. In all of these points the post-abdomen is like 
that of the Amenia specimen. 

An examination of the internal anatomy was made only in so 
far as it could be done by means of a short incision in the side 
wall of the body. Through this it was possible to see the lungs 
fully developed, as in a strictly terrestrial form, and the various 
viscera were similar to those found in the St. Paul material. 
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The sexual organs were not in an active state ; a large corpus 
adiposam is present, and behind it a small elongate but not dis- 
tended genital organ, which upon examination proved to be an 
ovary containing numerous slightly developed but recognizable 
eggs. I did not find any evidence to show whether the animal 
had ever laid eggs or was still immature, but the latter suppo- 
sition seemed more likely. 

Biological Laboratory, Hamline University, 
St. Paul, Minn., April 18, 1901. 
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